
STOP 



Early Journal Content on JSTOR, Free to Anyone in the World 

This article is one of nearly 500,000 scholarly works digitized and made freely available to everyone in 
the world by JSTOR. 

Known as the Early Journal Content, this set of works include research articles, news, letters, and other 
writings published in more than 200 of the oldest leading academic journals. The works date from the 
mid-seventeenth to the early twentieth centuries. 

We encourage people to read and share the Early Journal Content openly and to tell others that this 
resource exists. People may post this content online or redistribute in any way for non-commercial 
purposes. 

Read more about Early Journal Content at http://about.jstor.org/participate-jstor/individuals/early- 
journal-content . 



JSTOR is a digital library of academic journals, books, and primary source objects. JSTOR helps people 
discover, use, and build upon a wide range of content through a powerful research and teaching 
platform, and preserves this content for future generations. JSTOR is part of ITHAKA, a not-for-profit 
organization that also includes Ithaka S+R and Portico. For more information about JSTOR, please 
contact support@jstor.org. 




PHILOSOPHICAL 



TRANSACTIONS. 



L Obfervatiom on the Graduation of Agronomical Injlruments % 
with an "Explanation of the Method invented by the late Mr. 
Henry Hindley, of York, Clock-maker^ to divide Circles 
into any given Number of Parts. By Mr. John Smeaton, 
F. R. S. ; communicated by Henry Cavendifh, Efq. F. R. S, 
and S. A. 



■ Read November 17, 1785. 

PERHAPS no part of the fcience of Mechanics has been 
cultivated by the ingenious with more affiduity, or more 
defervedly fo, than the art of dividing Circles for the purpofe 
of Aftronomy and Navigation. It is faid, thatTycuo Brahb 
Vol. LXXVI. " B and 
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and Hkvelius laboured this part of their inftruments with 
their own hands ; and though public rewards have at length 
brought forth different methods of dividing from our belt 
artifts, which have been communicated to the Public ; yet I 
truft it will be thought, that if any thing relative to this 
bufinefs remains yet behind, that may tend to furnifh the 
ingenious artifts, who are cultivating this field, with any new 
or curious idea upon the fubjec% it will be well worth communi- 
cating to this learned Society : fince, if an hint, which is 
eflentially different from any thing that (fo far as I know) the 
Public is in poffeffion of, be once ftarted, and is purfued and 
worked upon by ingenious men, it is not poffible to Fay, to 
what valuable purpofes it may be converted. 

This, perhaps, will better appear by taking a fhort review 
of the laboxirs of others, from the time of Tycho Brahe 
andHEVELius (who did not ufe telefcopic fights) to theprefent 
time. 

The very learned, ingenious, and inventive Dr. Hook, in 
his Animadverfions on the Machina Cceleflis of Hevelius, 
published in the year 1674, has given us an elaborate defcrip- 
tion of a quadrant, whofe divifions were formed, and after- 
wards read off, by means of an endlefs fcrew, working upon 
the outermoft border of the limb of a quadrant; which, he 
fays, does not at all depend upon the care and diligence of the in- 
Jirument-tnaker in dividing, graving, or numbering the divifions, 
for the fame fcrew makes it from end to end', yet he has given us 
no account of any particular care or caution that he ufed, in 
preventing the fame fcrew from making larger or fmaller paces, 
in confequence of unequal refiftance, from a different hardnefs 
of the metal in different parts of the limb ; nor any method of 
correcting or checking the fame ; nor of making a fcrew, the 
4 angle 
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angle of whofe threads with the axis mall be equal in every part 
of the circumference; therefore the whole of this bufinefs (in 
which accurate mechanics well know confifts the whole of the 
difficulty) he refers to the ingenious workman ; and, in particular, 
to the then celebrated Mr. Tompion, whom, he fays, he em- 
ployed to make his inftrument, and who had thereby feen and 
experienced the difficulties that do occur therein : but was any in- 
genious workman now to purfue the directions of Dr. Hook, 
fo far as his communication thereof extends, we may con- 
clude, that he would make a very inaccurate piece of work, 
far inferior in performance to what the Doctor feems to expect 
from it*. But yet, I believe, it was the firjl attempt to apply 
the endlefs fcrew and wheel, or arch, to the purpofe of form- 
ing divifions for aftronomical inftruments ; for, the Doctor fays 
himfelf, the perfection of this inftrument is the way of making 
the divifions; that it excels all the common ways of divijion: 
and in the table of contents it is intituled, An Explication of the 
new Way of dividing. 

This method, however, of Dr. Hook's was not laid afide 
without a very full and fufficient trial : for Mr. Flamsteed, 
in the Prolegomena of the third volume of Hijloria Ccele/iis, in- 
forms us, that he contrived the fextant, wherewith his obfer- 
vations were chiefly made, from his entrance into the Royal 
Obfervatory in the year 1 676 to the year 1689. This fextant was 
firft made of wood, and afterwards of iron* with a brafs limb 
of two inches broad, by Mr. Tompion, at the expence of Sir 
Jonas Moore ; the radius thereof was 6 feet 9 J inches; it 
was furnifhed with an endlefs fcrew upon its limb of 17 

■* This was indeed verified in an attempt upon the fame plan by the Due de 
Ghaulnes, publifhed in a Memoir of the Royal Academy of Sciences at Paris, 
for the year j 76 5. 

B 2 threads 



4 Mr. Smeaton's Obfervations an the 

threads in an inch, and with telefcopic fights*. Of this in- 
ftrument Mr. Flamsteed gives the figure at the latter end of 
his Prolegomena before- mentioned, fufficiently large to fee the 
general defign ; the whole being mounted upon a ftrong polar 
axis of iron, of three inches diameter. 

Though, in the full defcription of this inftrument, Mr. 
Flamsteed mentioned the Limb's being furnifhed with dia- 
gonal divifions, diftinguifhing the arch to i o feconds -j- ; yet it 
is pretty clear, that it had not thefe originally upon it ; but 
that the dependance was wholly upon the fcrew divifions, 
when it came out of Mr. Tompion's hands. This one may 
reafonably infer from the obfervations themielves ; for the firft 
obfervation, fet down as taken with this inftrument, being 
upon the 29th. of October, 1676, it was not till the nth of 
September, 1677, that the column which contained the check 
angle by diagonal lines was filled up ; and there was alfo a 
fpace of time, antecedent to that laft mentioned, wherein no 
obfervations are recorded as taken with this inftrument, in 
which time the diagonal divifions might be put on ; and this-: 
will be put beyond a doubt, as he fays expreflly, that finding, 
in the year 1677, that the threads of the fcrew had worn the 
border of the limb, he divided the limb into degrees himfelf, 
and drew a fet of diagonal divifions % ; and then comparing the 
two fets of divifions together, he fometimes found them to 
differ a whole minute j wherefore, for correction thereof, he 
conftructed a new table for converfion of the revolutions and 
parts of the fcrew into degrees, minutes, and feconds ; and 

* «« — Qualem nemo, coelo adhibcnsj— " Preface to Hiftoria Cceleft. printed 

in one vol. 17 12. 

f Prolegomena Hiftor. Coeleft. vol. III. p. 104. 

% Ibid, p, 106. " Gradus in limbo deftribuiacdiagonalesduxi." 

which 
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which he applied in the obfervations taken in 1 678.— However, 
notwithftanding this correction, in looking over the obfervations 
noted down as deduced each way, I frequently find a difference 
of half a minute ; not unfrequently 40" ; but in an obfervation 
of the moon, of the 9th June, 1687, 1 find a difference of 5$"** 
which upon a radius of 6 feet 9 inches amounts to more than 
^th part of an inch. 

In the year 1689, Mr. Flamsteed compleated his mural arc 
at Greenwich ; and, in the Prolegomena before- mentioned, he 
makes an ample acknowledgement of the particular affiftance, 
care, and induftry of Mr. Abraham Sharp ; whom, in the 
month of Auguft, 1688, he brought into the obfervatory, as 
his amanuenjis', and being, as Mr. Flamsteed tells us, not 
only a very fkilful mathematician, but exceedingly expert in 
mechanical operations f> he was principally employed in the 
conftru&ion of the mural arc ; which in the cpmpafs of fourteen 
months he finifhed, fo greatly to the fatisfaction of Mr. Flam- 
steed, that he fpeaks of him in the higher!: terms of praife J. 

This celebrated Inftrument, of which he alfo gives the figure 
at the end of the Prolegomena, was of the radius of 6 feet 7$ 
inches ; and, in like manner as the fextant, was furnifhed both 

* Vol. I. of Hift. Cceleft. p. 343. 

•f- " Qui mechanices perquam expertus, pariter ac mathefeos peritus." Prole- 
gomena, vol. III. p. 108. 

J " Sharpeics fervus meus fideliffimus, ac omnibus quidem dotibus & facul- 
*'. tatibus erat imbutus, quae ipfum tarn, fubtili & difficili operi, obeundo idoneum 
** redderent." Prolegom. ibid. 

And on finifliing the inftrument, he fays, " Gradus defcribuntur five nume- 
" rantur et exfculpantur, artificiofa manuali opera dicli domini Sharp, qui limbuni 
*« partitus eft, diagonales duxit, totumque organum abfolvit et perfecit : adeo 
'*.- ut prseftantiflimi quivis artifices poftquam illud confpexerunt et confiderarunt, 
J* fe exaftius id peragere non potuifle, agnoverint." Prolegom. p. 1 1 1. 
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with fcrew and diagonal divifions, all performed by the accurate 
hand of Mr. Sharp. But yet, whoever compares the different 
parts of the table for converfion of the revolutions and parts of 
the fcrew belonging to the mural arc into degrees minutes and 
feconds *, with each other, at the fame diftance from the zenith 
on different, fides ; and with their halves, quarters, &c. will 
find as notable a difagreement of the fcrew-work from the hand- 
divifions, as had appeared before in the work of Mr. Tompion : 
and hence we may conclude, that the method of Dr. Hook, 
being executed by two fuch mafterly hands as .Tompion and 
Sharp, and found defective, is in reality not to be -depended 
upon in nice matters. 

From the account of Mr. Flamsteed it appears alfo, that 
Mr. Sharp obtained the zenith point of the inftrument, or: line 
of coUimat'ion, by obfervation of the zenith ftars, with the face of 
the inftrument on the eaft and on the weft fide of the wall f : 
and that having made the index ftronger (to prevent flexure) 
than that of the fextant, and thereby heavier, he contrived, by 
means of pullies and balancing weights, to relieve the hand that 
was to move it from a great part of its gravity +. 

1 have been the more particular relating to Mr. Sharp, in the 
buiinefs of conftrucYmg this mural arc ; not only becaufe we may 
fuppofe it the firft good and valid inftrument of the kind, but 
becaufe 1 look upon Mr. Sharp to have been the frrft perfon 
that cut accurate and delicate divifions upon aftronomical inftru- 
ments ; of which, independent of Mr. Fl amsteed's teftimony, 
there ftill remain coniiderable proofs : for, after leaving Mr. 
Flamsteed, and quitting the department above-mentioned £, 

* Hift. Coeleft. vol. II. Appendix. f Prolegom. p. 109. 

% Mr. Sharp continued in ftri6t correfpondence with Mr. Flamsteed fo long 
as he lived, as appeared by letters of Mr. Flamsteed's found after Mr. Sharp's 
death j many of which 1 have feen. 

he 
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he retired into Tork/hire, to the village of Little Horton, near 
Bradford, where he ended his days about the year 1 743 ; and 
where I have feen not only a large and very fine collection of 
mechanical tools (the principal ones being made with his own 
hands), but alio a great variety of fcales and inflruments made 
therewith, both in Wood and brafs, the divisions whereof were 
ib exquifite, as would not difcredit the firft. artifts of the prefent 
times : and I believe there is now remaining a quadrant, of four 
or five feet radius, framed of wood, 'but the limb covered with 
a brafs plate ; the fubdivifions being done by diagonals, the lines 
of which are as finely cut as thofe upon the quadrants at Green- 
wich. The delicacy of Mr. Sharp's hand will indeed perma- 
nently appear from the copper plates in a quarto book, published 
in the year 171 8, intituled, Geometry improved by A. Sharp T 
"Philomath, whereof not only the geometrical lines upon the 
plates, but the whole of the engraving of letters and figures,, 
were done by himfelf, as I was told by a perfon in the mathe- 
matical line, who very frequently attended Mr. Sharp in the 
latter part of his life. I therefore look upon Mr. Sharp as the 
firft perfon that brought the affair of hand divilion to any degree 
of perfection. 

Some time about the eftablimment of the mural arc at Green- 
wich, the celebrated Danifh Aftronomer Olaus Roemer 
began his domeflic Obfervatory, which he finished in the year 
1715, as we are informed by his hiftorian Peter Horrebow, 
in the third volume of his works, in the tract, intituled,. 
Jlajts Aftronomice, publifhed in the year 1741. In this tract is 
the defcription of an inftrument, Tab. III. which not only 
anfwered the purpofe of the meridian arc ; but, its telefcope 
being mounted upon a long axis, became alfo in reality what' 
we now call a Tranjtt Injlrnment ;,, and which furnifhed, fo fa** 

as 
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as I have been able to learn, the firft idea thereof. One end of 
the axis of this inftrument being the center of the meridian arc, 
and carrying its index, M. Roemer thereby avoided the errors 
ariling from the plane of the mural arc not being accurately a 
vertical plane; and which Mr. Flamsteed endeavoured to 
check, by obferving the paffage of known ftars nearly in the 
fame parallel of declination ; that is, palling nearly over the 
fame part of the plane of the arc ; by which he was enabled to 
correct or check the errors of the arc in right afcenfion. But 
it is the peculiar method in which Roemer divided his inftru- 
ments, that occafions him here to be introduced. 

Though it is a very iimple problem by which geometricians 
teach how to divide a given right line into any number of parts 
required; yet it is ftill a much more Iimple thing to fet off 
upon a given right line, from a point given, any number of 
equal parts required, where the total length is not exactly 
limited; for this amounts to nothing more than affuming a 
convenient opening of the compaffes, and beginning at the 
point given,, to fet off the opening of the compaffes as many 
times in fucceffion, as there are equal parts required ; which 
procefs is as applicable to the arch of a circle as it is to a right 
line. Of this fimple principle Roemer endeavoured to avail 
himfelf. 

For this purpofe M. Roemer took two ftiff, but very fine- 
pointed, pieces of fieel, and fixed them together, fo as to 
avoid, as much as poffible, every degree of fpring that would 
neceffarily attend long-legged compaffes, or even thofe of the 
morteft and ftiffeft kind when the points are brought near toge- 
ther. The diftance of the points that he chofe was about the 
^. s or -r'-s-of* an inch. This, upon a radius of 2§ or three feet, 
would be about 10 minutes. With this opening, beginning 

at 
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at the point given, he fet off equal fpaces in fucceflion to the 

end of his arch, which was about 75 . Thofe were diftin- 

guifhed upon the limb of the inftrument by very fine points, 

which were referred to by a grofier divifion, the whole being 

properly numbered. The fubdivifion of thole arches of 10 

minutes each was performed by a double microfcope, carried 

upon the arm or radius of the inftrument, the common focus 

being furnifhed with parallel threads of fingle filk, whereof 

eleven being difpofed at ten equal intervals, comprehending 

together one ten-minute divifion, the diftance of the neareft 

threads became a very vifible fpace, anfwerable to one minute 

each, and therefore capable of a much further fubdivifion by 

eftimation. 

The divifions of this inftrument were therefore, properly 
fpeaking, not degrees and minutes ; but yet, if exactly equal, 
would ferve the purpofe as well, when their true value was 
found, which was done by comparifon with larger inftru- 
ments. 

Now, if it be confidered, that in going ftep by ftep of ten 
minutes each, through a fpace of 75 degrees, there will be a 
fucceffion of 450 divifions, dependant upon each other; if it 
be alfo confidered, that the leaft degree of extuberance in the 
furface of the metal, where each new point is fet down, or 
the leaft hard particle (wherewith all the bafe metals feem to 
abound) will caufe a deviation in the firft impreffion of 3 taper 
point, and thereby produce an inequality in the divifion ; it is 
evident, that though this inequality may be very fmall, and 
even imperceptible between neighbouring divifions, yet among 
diftant ones, it may and will arife to fomething confiderable ; 
which, in the menfuration of angles, wuT'have the fame ill 
tendency as in near ones. Now, as M. RoEMfiR'ha^i given us no ?: 

Vol.lxxvi. c /■ , ■ " 'mm* 
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means of checking the diftjinf d|vifi<jns, it; refpedt of qacK 
other, it \s V-ery probable that no one has followed his fteps r . 
in cafes where great accuracy was required, in a c0nfiderable 
number of divisions. For ill reality this method is likely to fail 
far fhort of Dr. Hood's;, as jTJ>iv Hook's divifions being cut in 
a fimilar fuccefiive manner, by the rotation of the fharp edge of 
the threads of a; fcrew againft the- exterior edge of the limb of 
the inftrumentv a very flight, degree of preffure will bring a 
fine fcrew of thirty threads r-y.ii an inch (which he prefcribes) to 
touch againft an arch whofe ra.dkw is four or five* feet in more 
than one, two,, three j or four threads at. once; fo that* the 
threads fupporting one another, a,fmall. extub© ranee, or even na - 
fmall hard particle in. the metal, will be cut through : - ox re- 
moved by the grinding or rather fawing, motion of the fcrew ;: 
and which, in regard to its contact! being in reality an edge,,, 
will be much more effectual (that is, more firm), m its reten- 
tion than a mere Ample point : and a repetition of the opera- 
tion, from the fupport of the threads to each other, will tend 
to mend the firft traces-;: whereas, in RoEMEn'srway* a- repeti- 
tion will make them worfe; for, whatever drove forward or 
backward the point on firft entering, will, from the floping of 
the point, be confirmed and increafed in driving k deeper. 

When Dr. Halley was chofen Aftronomer Royal (Mr. 
Flamsteed's inftruments being taken away by his executors)^ 
Mr. Graham undertook to make a new mural quadrant, about 
the year 1 725 *, who, uniting all that appeared valuable in the 
different methods of his predeceffors, executed it with a degree 
of contrivance, accuracy, and precifion, before unknown : and 
the divifion thereof he performed with his own hand. The 
model of this quadrant, for ftrength, eafy management, and 
wmvenience, has been ever finCe purfued as the mot perfect. 
v What 
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What I" apprehend to be peculiar in it, was the application of 
the arch of 96? ; not only as a check upon the arc of degrees 
?and minutes, but as fuperibr thereto, being derived from the 
more fitnple principle o{ continual bifeSlion. 

To make room for this, he has entirely rejected the fubdivifion 
by diagonals, and has adopted the method of the Vernier ; but the 
fubdivUibn of the- vernier divifions he, as I apprehend for the 
firft time, meafured by the turns of the detached adjufting 
fcrew, making it in fact a micrometer, by which the diftance 
of the Jet of the inftniment was to be meafured from the 
perfect coincidence of one bf the actual divifions of the limb 
with the next ftroke of the vernier ; by which means the ob- 
fervation could not only be read off with all the precifion that 
the divifion of the inftrument was capable of, but the two lets 
of divifions could be checked and compared with each other. 
Another thing that I apprehend to be peculiar in this inftru- 
ment, was the more certain method of transferring and cutting 
the divifions, from the original divided points, by means of 
the beam-compafs, than Could poffibly be done from a fiducial 
edge, as had doubtlefs been coriftantly the pradice in cutting 
diagonals ; for, placing the fteady point of the beam-compafs 
in the tangent line to that part bf the arc where each divifion 
was to be cut, the opening of the compafs being nearly the 
length of the tangent, the other point would cut the divifion 
in the direction of the radius nearly ; and though in reality an 
arch of a circle, yet the fmall part of it in ufe would be fo 
nearly a right line, as perfectly to anfwer the fame end j all 
which advantages put together, it is probable, induced Mr. 
Graham to reject the diagonals. 

Soon after the completion of this quadrant, Mr. Graham 
undertook to execute a zenith feSior for the Rev. Dr. Bradley, 

C % which 
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which was fixed up at Wanflead^ in EJfex, in the year 1727. 
The very fimple conftru&ion that he adopted for this inftru- 
Mae'nt (the plumb line itfelf being the index) did not admit of 
the ufe of a vernier: he therefore contented himfelf with; 
dividing the arch of the limb of this inftrument by primary 
points, as clofe as he thought neceflary, that is, by divifions 
of five minutes each, and meafuring the diftance from t\\tfet 
of the inftrument to the next point of divifion by a micrometer 
fcrew, in the conftru&ion of which fcrew he ufed uncommon 
care and delicacy. I have mentioned this inftrument to intro- 
duce this obfervationj that I think it highly probable, had 
Mr. Graham conftrudled the great quadrant after the zenith 
fector had been fully tried, he would have rejected not only the 
diagonals but the verniers alfo, as containing a fource of error 
within themfelves which may be avoided by a well-made fcrew*. 
It feems alfo, that Mr. Graham, at the time he con- 
ftructed both thefe inftruments, was not aware how much error 
could arife from the unequal expaiifions of different metals by 
heat or cold: for in both the radius, or frame of the inftru- 
ment, was iron, while the limbs were of brafs. They, how- 
ever, remain in the Royal Obfervatory, perfect models, in all 
other refpects, of every thing that is likely to be attained in 
their, refpedtive deftinations, and monuments of the fyperla- 
live abilities of that great mechanician Mr. Graham -jv : 

* This has been found confentaneotis to the experience of my friend Mr, 
Aubert, who, on my fuggefiion,, has long fmce laid, afide the ufe of, his Verniep,. 
meafuring always by the micrometer fcrews the diftance between, the fet of the. 
inftrument, and the coincidence of the firft ftroke of the vernier with the nest 
primary divifion of the limb. 

f I have been informed, that Dr. Maskelyne has caufed this objection to the- 
feclor to be rectified, fince its removal to the Royal Obfervatory, by fubftitufcing 
an iron limb initead of that of brafs^ the points being made upon ftuds of gold.! 

Mjt» 
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Mr; Graham lived till the year 1751 ; and during his time 
there were few inftruments of confequence conftructed with- 
out his advice and opinion. They were for many years done 
by Mr. Sisson, to whom doubtlefs Mr. Graham would fully 
communicate his method of divilion ; and from this fchool 
arofe that very eminent and accurate artift Mr, Bird, whofe 
delicate hand, joined with great care and afliduity, enabled 
him ftill further to promote this branch of divifion ; and which 
being carried by him to a great pitch of perfection, the Com- 
miffioners of Longitude did themfelves the credit, by an hand- 
fome reward, to induce him to publifh to the world his parti- 
cular method of dividing aftronomical inftruments; which 
being drawn up by himfelf, in the year 1767, this matter is 
fully fet forth to the public : I mall therefore only take this 
opportunity of obferving, that there feems to be one article iu 
which Mr. Bird's method maybe ftill improved. 

I mufl: here obferve, that I apprehend no quadrant, that has 
ever undergone a fevere examination, has been found to form a 
perfect arch of 90 ; nor is it at all neceffary it mould : the per- 
fect equality of the divisions throughout the whole is the flrft 
and primary confideration ; as the proportion of error, when. 
afcertained by proper obfervations, can be as eafily and 
readily applied, when the whole error of the rectangle is fifteen 
feconds, as when it is but five. 

In this view, from the radius taken, I would compute the 
chord of fixteen degrees only. If I had an excellent plain fcale* 
I would ufe it ; becaufe I mould expect the deviation from the 
right angle to be lefs than if taken from a fcale of more moderate 
accuracy ; but if not, the equality of the divisions would not be 
affected, though taken from any common diagonal fcale. This, 
chord, fo prepared, I would lay off five times in fuceeffion, from 
a th* 



the.pvimary point of © given, which would compieat eighty 
degrees; I would then bifeel: each of thofe arches of i6°, as 
prefcribed by Mr. Bird, and laying off one of them beyond 
the Soth, would give the 88th degree : proceeding then by 
bife&ion, .till I came to an arch of two degrees, laying that off • 
from the 88th degree, would give the point of ninety degrees. 
^Proceeding ftill by bife&ion, till I had reduced the degrees into 
quarters = fifteen minutes each, 1 would there ftop; as from 
experience I know, that when divisions are over clofey the ac- 
curacy of them, even by bife&ion,- cannot be ib well attained as 
where they are moderately large. If a fpace pi £#. of an inch , 
which is a quarter of a degree, upon an eight-feet radius, is 
» thought too large an interval to draw thehadex over by the mi- 
crometer fcrew, this may bemortened by placing anotherline 
at the diftanceof one-third of a divifion on each fide ofthe index 
.line, in which cafe the fcrew will never have to move the index 
plate more than 4>ne-third of a divifion, or *five minutes ; and 
the perfect equality of thofe fide lines from the index line may 
he obtained, and a^ufted to five minutes precifely, by ;puttirtg 
each of the fide lines upon a little plate, capable *of lojuftment 
;to its true diftanee from the middle one, by an adj lifting 

ifcrew. 

The above hint is not confined to the chord of jixteen degrees, 
which prohibits the fubdivifions going lower than fifteen mi» 
nutes : for if it be required to have divifions equivalent to five 
minutes upon the limb itfelf ; then I would compute the chord 
of 2i° 20' onlyz and laying it off four times from the primary 
point, the laft would mark out the divifion 85 20', pointed! 
out by Mr. Bird ; /applying the remainder to a quadrant, from 
the bife&ed divifions as they arife, and not by the amplication of 
lOther computed chords. 

la 
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Xft my Introdu&ion to M.-Roemer's Method of Divinoiij; I 
Have ihewn, thafeadivifibns laid of? in fucceffionj by the fame 
opening of the companies, either in a right line, or4n the arch 
of a circle,, being in its idea geometrically trueyandnn ltfelf the 
moll iimple of all proeeffesj it has* the faiia&ft* chance of being 
mechanically and pra&ieally texadt, when cleared of the dlfturb* 
ing caufes* The" objection therefore to his method is*, the great 
number of repetitions, which depending upon each other in 
fucceffion (requiring no lefs* than 540*0^ quadrant, when Tub- 
divided to ten minutes each }v the fmalieft error in each, repeated 
540 times # without anything to check it by the way, may arife 
to a very^fpnfible and large, amount : but f in the method I have 
hinted, thiss objection will not lie ; -for, in the fifft 1 - cafe, the 
aflumed opening,!* laid off but five times ; and in the latter cafe 
but four times j nor does this; repetition arife out of the nature of 
the thing ; ;for s if you like it better, you may^ in the former cafe, : 
at once compute the chord of 6 4°>; -and in the latter that of 
8 j? 20', and then proceed wholly hybife&ion j fupplying what 
is 1 . Wanted to makeup thcquad ran % from the bife£ted divifions^ 
as they arife. Mr. Bird prefcribes this method himfelf, 5 forthe 
divifion of HAbtEYVfextants and o&ants. - 

He, I fuppofe, was the firft, who conceived the ideU of kying 
off chords ©farehesfwhofe fubdivinons fhould be- come at by 
continual bifecliion % but why he mixed therewith divifions that 
were derived from a different origin (as prefcribed in his method 
of dividing)! do' not eafily conceive. He fays, that after he had 
proceeded by the bife&ions, from the arc of 85 20', thefeveral 
points of 50°, 6©°, 75°, and 90°$ (all of~whtefo were laid down 
from the principle of the chord of -66° being equal to radius), 
fell in without fenfible inequality; and fo indeed they might ; but 
yet it does not follow that they were equally true inu their places 

as- 
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as if they had been (like the reft) laid down from the bifection 
from 8 5 ao', and therefore being the firft made, whatever error 
was in them, would be communicated to all connected with 
them, or taking their departure from them. Every heteroge- 
neous mixture mould be avoided where equal divifions are re- 
quired. It is not the fame thing (as every good artift will fee) 
whether you twice take a meafure from a fcale as nearly the fame 
as you can, and lay them ofFfeparately ; or lay off/w<? openings 
of the compafles, in fucceflion, unaltered ; for though the fame 
opening, carefully taken off from the fame fcale afecondtime, 
will doubtlefs fall into the points made by the firft, without 
fenfible error; yet as the doping fides of the conical cavities made 
by the firft point will conduct the points themfelves to the cen- 
ter, there may be an error which, though infenfible to the fight, 
would have been avoided by the more Jimple procefs of laying off 
the opening twice, without ever altering the compafles. 

The 96 arc was, I have no doubt, invented by Mr. Gra- 
ham, from having perceived, in common with all preceding 
artifts, how very much more eafy a given line was to bife£t, than 
to trifedr, or quinquefect ; and therefore the 96 arc which pro- 
ceeded by bifections only (or by laying off the fame identical 
openings, which, as already fhewn, is ftill more fimple and 
tmexceptionable) was wholly intended by him by way of 
checking the divifion of the arc of 90, which required Infec- 
tions and quinquefe&ions. But experience foon mewed the 
fuperior advantage of it fo ftrongly, that the ufe of the 90 arc 
is now wholly fet afide, where accuracy is required ; whereas 
the ingenuity of Mr. Bird having (hewn a way to produce the 
9® arc. by bifettion, when this is really purfued quite through 
the piece, by rejecting all divifions derived from any other 
origin, the 90 arc will have nothing in it to prevent its being 

equally 



Graduation of Afironomical Injiruments, 17 

equally unexceptionable with the 96 arc ; and confequentiy if, 
inftead of the 96 arc, another arc of 90 was laid down (which 
being upon a different radius, its divifions will ftand totally un- 
connected with the former), then thefe two arcs would in reality 
be a check upon each other; for being of equal validity, the mean 
might be taken : and if (in lieu of vernier divifions) ftrokes at 
the diftance of any odd number, as 7, 9, 1 r, or 13, are marked 
upon, and carried along with, the index plate ; thefe will pro- 
duce a check upon neighbouring divifions ; and the angle may 
then be deduced from the medium of no lefs than four 
readings. 

The laft works that have been made known to the public in 
the line of graduation (fb far as has come to my knowledge) are 
thofe of the very ingenious Mr. Ramsden, which were pub- 
limed, by order of the Board of Longitude, in the year 1777. 

From his own information, I learn, that in the year 176a 
he turned his thoughts towards making an engine for dividing 
mathematical inftruments j and this he did in confequence of a 
reward offered by the Board of Longitude to Mr. Bird, for 
publiming his method of graduating quadrants ; for as, feveral 
years previous to that period, he had taken great pains to ac- 
complish himfelf in the art of hand-dividing, in which line 
Mr. Bird had acquired his eminence, he conceived by this pub- 
lication of Mr. Bird's he mould be reduced to the fame ftandard 
of performance with the reft of the trade. He s therefore, partly 
to fave time, and that kind of wearinefs to an ingenious mind 
that ever muft attend the endlefs repetition of the fame thing 
from morning to night; partly ftill to preferve the pre-eminence 
he had then gained ; and partly to procure difpatch in the great 
increafe of demand forHADLEY'sfextantsand o&ants, in confe- 
quence of the fuccefsful application of the moon's motion to the 
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purpofe of afcertaining the longitude at fea (which inftiumentss 
for this purpofe required a degree of accuracy and certainty in the 
divifion, by no means neceffary thereto when applied to the fknple 
purpofe of obferving latitudes) ; I fay, for thefe confideration'S,Mr«. 
Ramsden determined to let about fomething in the inftrumental 
way, that mould be fufEcient effectually to anfwer thefe purpofes. 

Accordingly, eonfidering the nature of the endlefs fcrew, he 
fet hkxfelf to work upon an engine whole divided wheel or plate 
was of thirty inches diameter ; and though the performance of 
this firfl eflay was inferior to his expectations and wifheSj yet 
with it he was able to divide theodolites, with, a degree. of precl- 
onh for fuperior to any thing of the kind that had been- exhibited: 
fit© te public;. 

This engine I myfelf faw in the fpring of the year 1 768 ;■ and 
it appeared to me not- only a very laudable attempt* towards ins- 
trumental divifions, but a very good model for the Gonftrucrion-. 
of an engine of the moft accurate kind for that purpofe; And 
he furthermore^ at the fame time, fhewed; me the model or 
pattern for eaftiug a wheel of a much- larger fize,. which he pro-- 
poied to- make upon the feme plan, and with eonfiderable im- 
provements. This being efFeclfed fome time inor about the year 
1774, its accuracy was proved by making a;fextant, afterwards 
fubjecfed to the examination of Mr. Bird •-; who in confequenee: 
approved the method, not only as fully fufEcient- for the divi- 
f 011 of Hadley's fextants and octants for any purpofe whatfo- 
ever, but in fact for dividing any inftrument whofe- radius did; 
not exceed that of the dividing wheel, whicb was forty-five 
inches in diameter: whereupon the Board of Longitude, ever 
ready to encourage all endeavours that tend to the certainty and : 
perfection of any thing fubfervient to the purpofe of finding the 
longitude at fea-, very properly and, ufefully refolved to confer 

an, 
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an handfome reward on Mr. Ramsden, for delivering a full 
explanation of his method of making the faid engine ; which, 
in confequence, was published by order of the Board of Longi- 
tude in the year already mentioned, viz. 1JJJ : the deugns 
whereof are fo full and explicit, that whoever could not under- 
hand that defcription, fo as to enable him to make it, would be 
unfit to undertake it on other accounts* ? 

From what I have faid upon the works of the different artifls 
that I have mentioned, it would feem that the art of graduation 
wasjbroughtto that degree of perfeftion, that nothing material 
can now he *added thereto : and I mould have been apt to have 
thought fo myfelf, if I had not happened, in the cpurfe of my 
life, to have had a communication made to me (under the feal of 
fecrecy) which feems to promife yet further light and afllftancc 
in perfecting that important art ; and every impediment to the 
difcovery thereof being now removed, I fhall in the remainder 
of this eflay give the cleared defcription thereof that I am abJc, 
with fuch elucidations and improvements as feem to be naturally 
pointed out by the method itfelf. 

In the autumn of the year 1741, I was firft introduced to the 
acquaintance of that then eminent artift, Mr. Henry Hindley* 
of Tork, clockmaker ; — he immediately entered with me into the 
greateft freedom of communication, which founded afriendmip 
that lafted to his death, which did not happen till the year IJJ r, 
at the age of 70. On the firft interview, he (hewed me not 
only his general let of tools, but his engine, at that time fur- 
nished with a dividing plate, with a great variety of numbers for 
cutting the teeth of clock wheels, &c. and alfo, for more nice 
and curious purpofes, furnifhed with a wheel of about thirteen 
inches diameter, very flout and ftrong, and cut into 360 teeth ;, 
to which was -applied an cndlefs fcrew, adapted thereto. The 
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threads of this fcrew were not formed upon a eylindrie fur* 
face, but upon a folid whofe fides were terminated by arches/ 
of circled The whole length contained fifteen threads; an$ 
as every thread (on the fide next the wheel) pointed towards 
the center thereof, the whole fifteen were in contact together ;. 
and had been fo ground with the wheel, that, to my great 
aftonifhment, I found the fcrew would turn round with the 
utmoft freedom, interlocked; with the teeth of the wheel r ands 
would draw the wheel round without any fhake or flicking, or 
the leaft fenfation of inequality. 

How long this engine might have been made before ttts firffc 
interview, I cannot now exactly afcertain : I believe not more 
than about a couple of year*; butthis I well rememfeer, that he 
then fhewed me an inftrument intended for aftronomieal pur*- 
pofes, which mull' have been produced frofli the engine, and. 
which of itfelf muft have taken fome time in making **. 

* This inftrument was of the equatorfer kind!; tlie wJteel parallel to the 
equator, the quadrant of latitude, and femi-circle of declination, being atli 
furnilhed with fcrews containing fifteen threads each, framed and moved in the 
fame manner; as that of the engine ; the whole of which inftrument was already, 
framed, and the telefcope tube in its place, which was intended to be of the; 
inverting refracting kind, and to be furnilhed with a micrometer; This;, however^, 
was not coropleated till fome yfears after; but,, in the year 1748* I received it in 
London for fale. It ftaid with me two years, in which time I, mewed it to all my; 
mechanical and philof6phical friends j amongft whom* was Mr. Short, who after* - 
wards publilhed in the Fhilofophical Tranfactions, vol. XLVI. N? 493, p. 241. am 
Account of a portable ©bfcrvatory, but without claiming any particular merit 
from the contrivance. However; the model of it differs from Hindxey's equatorial: 
only in the following "articles. He added an azimuth circle and compafs at thee 
bottoms He omitted the endlefs fcrews, placing verniers in their ftead; and at 
the top, a reflecting telefcope inftead of, a refradtorr This inftrument of Hind»- 
3»ey's being afterwards returned to him unfold, Ipointedbuttheprincipalsdeficien- 
cies that I found therein;; viz.^hat, in putting the inftrument into different pofi* 

tions,. 
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: I'm reality thought rnyfelf much indebted to Mr. Hindley 
for this communication ; but though he (hewed me his engine, 
and told me, that the fcrew was cut by the rotation of the 
point of a tool,, carried round upon a ftrong arm, at the dif- 
tance of the radius of the wheel from the center of motion; 
which arm was carried forward by the wheel itfelf, and the 
wheel was put forward by an endlefs fcrew, formed upon a 
cylinder to a proper fize of thread, cut by his chock lathe j 
though he (hewed me alfo this chock lathe, and the method 
employed to make the threads of the fcrew equiangular with 
the axis, that is, to free the fcrew from what workmen term 
drunkennefs i and alfo fhewed me how, by the fingle fcrew of 
his lathe, he could cut, by means of wheel- work, fcrews of 
every neceffary degree of finenefs * (and^ by taking out a 
wheel, could cut a, left-handed fcrew of the very fame degree 
of finenefs); by which means he was enabled not only to adapt 
His plain fcrew to the ftze of the teeth of his wheel, but alfo to 
prevent any drunkennefs,that otherwife the curved fcrew would 
be fubjecT: to in confequence of being produced from the plain 

tions, the fpringing ofi the materials was; fach as in: feme petitions to amount to 
conffiderabie errors. This remained with Y him in the fame Urate till the year of the 
faQnTrattfit of ■ Fenus t viz. 176 1 ; when it was fold to ——.Constable, Efq. of 
Burton Confialk, in • Holdernefs.- Mr. HindleYj to remedy the evil above-men- 
tioned, applied balances to the different movement*. He foon afterwards com- 
pleted one> dt t novo, uponi; this improved plan,- for his Grace the late Duke of 
Norfolk. A method of balancing in much the fame way, without the know- 
ledge that it had been done before, has been fully explained, and laid ! before 
the Society, by our ingenious; and worthy, brother -Mr, Naiune. Phil. Tranf. 
vol.LXI. p. 108. 

* A machine for cutting the endlefs fcrew of Mf.' Ramsden's engine, upon 
principles exadtly fimilar, is fully and accurately fet forth in his- Defcription of his. 
dividing Engine above-mentioned, 
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one; furthermore, that the fcrew and wheel, being ground 
together as an optic glafs to its tool, produced that degree of 
fmoothnefs in its motion that I obferved. ; and, laftly, that 
the wheel was cut from the dividing plate : yet, how the 
dividing plate was produced, he for particular reafons' referred 
to h'imfe'lf. 

Nor can he be blamed for the refervation of this one fecret ; 
:as he had, even at the time of my early acquaintance with 
him, a kind of forefiglit that from the fuperior merit of Had- 
xey's quadrant, a demand for that, and other initruments for 
the purpofe of navigation, was likely to increafe ; and that he 
might live to fee a public reward offered for a method of di- 
viding them with greater accuracy and difpatch than had at 
that time appeared. Indeed, he had himfelf an idea, from the 
fatisfa&ory fuccefs that had attended his operations in dividing, 
that a fcrew and wheel, produced from Ms engines of one 
foot diameter, would have as much truth as the eight- feet qua- 
drant at Greenwich : and though he doubtlefs greatly over- 
rated the accuracy of thefe miniature performances, yet it does 
not follow, as his methods were not confined to fo narrow a 
compafs, but that, his fcale o€ operation being proportionably 
enlarged, a degree of accuracy in the graduation of aftrono- 
mical initruments may be attained in proportion. 

I muft here beg leave to obferve, that there appears to me to 
be a natural limitation to the accuracy of inftruments, con- 
futing of confiderable portions of a circle, fuch as quadrants, 
&c. *. I do not find that the finefl ftroke upon the limb of a 
quadrant, made by Bird's own hand,- if removed from its 

* The zeriith fe&or confifts but of few degrees, with little variation of its 
jpofition in ufing it. 
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coincidence with its index, can be replaced with any degree of 
certainty nearer than the 4ooodth part of an inch, though 
aided by a magnifying glafs *. 

A 4-ooodth pari; of an inch being then, determined to be the 
minimum vijibile by the flrokes- of an inftrument, this will be 
lefs than one fecond, of a degree upon a radius of four feet; 
and therefore, if the whole fet of divifions upon the limb could 
be preferved true to this aliquot part of an inch, the eight- feet 
quadrants of Greenwich might be expected to be true to half 
a fecond. How far they are from this, I do not exa&ly know ';;• 
but I have reafon to think they vary from it fome feconds : 
nay, I believe it is generally allowed, that our largeft qua;- 
drants, even when executed by the accurate hand of Mr.. Bird, 
do not exceed thofe of a lefs fize,, by the fame hand,, in pro» 
portion, to their increafe of radius : nor can it well be expected 
that they mould ;, fince, as the weight neceflarily increafes in. 
a triplicate ratio of the radius, the great weight of the Green- 
wich, quadrants in moving and fixing them (as they could not 
be divided in their place) may eaftly derange the framing j or 
even the internal e/afticity of the materials may give way, by a; 
change of pofition, to fo minute a quantity as a 4ooodth part 
of an inch.. It therefore appears to me, that fince the divifions 
of a quadrant of four-feet radius are more than fufficient, audi 
even thofe of three feet admit of all the diftin&nefs that, in 
other refpe&s is wanted,, a three-feet quadrant,, in point of 

, * It will be to little, purpofe to attempt it with, a greater po;ver. Double, 
microfcopes can doubtlefs be formed to magnify objefts, far lefs than a 4COOdt'h . 
part- of an inch* to diftincY furfaces ' y - but then the advantage of fuel* degrees of 
magnifying power is chiefly upon the organized bodies of nature. Let a dot; or 
the fineft point that can be made by human art,, be fp viewed, and it wilLappear 
sot round, but a very ragged irregular figure, 
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fize, is capable of all attainable exa&nefs ; and would be as 
much to be depended on as any of thofe now in being of eight 
feet. By adopting quadrants of this fmaller {ize, we (hall of 
courfe get rid of -*4-tb.s of the prefent weight,; and confequently 
of much cumber, unhandinefs, and derangement* that muft arife 
from that weight, as well as the fear of totally difcompofing 
them, if ever moved out of their place. 

It noW comes to be time to open a principle upon which there 
sis a profpect of effecting fuch an improvement. I have mewn 
that a 4000th part of an. inch is the Ultimatum that we are to 
expect from fight, though aided by glafles, when observing the 
divifions of an inftrument. But in the XLVIIIth volume of 
the Philofophical Tranfadtions for the year 1 754, I have (hewn 
!the mechanifm of a n&y pyrometer, and experiments made there- 
with ; whereby it appears, that, upon the principle of contaSl, ia 
34,000th part of an, ihch is a. very definite quantity. I remem- 
bered very well that I did- not then go to the extent of what I 
might have aflerted, being willing to keep within the bounds 
of credibility : but on occafion of the preient fubjec% I have re- 
examined this inftrument, and find myfelf very well authorifed 
to fay, that a 60,000th part of an inch, with fuch an inftru- 
rment,' is a more definite and certain quantity than a 4000th 
part of an inch is to. the fight, conditioned as above fpecified. 
The certainty of contact is, therefore, fifteen times greater than 
thatof vifion, when applied to the divisions of an inftrument ; 
and if this principle of certainty in contact did not take place 
even much beyond the limit I have now affigned, we never 
ihould have feen thofe exquifite mirrors for refle&ing telefcppes 
that have already been produced. 

Thefe reflections apply immediately to my prefent fubjecl, as 
;Hindley's method of divifion proceeds wholly by coniaSl, and 
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that Of the firmed: kind ; there being feareely need of magnify" 
ing glaffes in any part of the operation. 

In the year 1 748 I came to fettle in London ; and the firft 
employment I met with was that of making philofophical in- 
flruments and apparatus. In this fituation, my friend Hindley* 
from a principle the reverfe of jealousy* fully communicated to 
me, by letter, his method of divifion ; and though I was enjoined 
fecrecy refpe&ing others (for the reafons already mentioned)* 
yet the communication was exprefsly made with an intention; 
that I might apply it to my own purpofes. 

The following are extracts from two letters* which contain 
the whole of what related to this fubjedl: 5 and fince I haVe many 
things to obferve thereon, fo that theparaphrafe would be much 
greater than the text, I think it beft: not to interrupt the deferip- 
tion with any commentary, as perhaps his own mode of ex* 
preffion will more briefly and happily convey the general idea 
of the work than any I can ufe inftead of its 

Mir bear Friend, York, 14N0v.i74.8i 

AS to what you was mentioning about my brother's knowing 
how I divided my engine plate, I will defcribe it as well as I 
can myfelf ; but you will want a good many things to go 
through with it. 

The manner is this : firft chufe the largeft number you want? 
and then chufe a long plate of thin brafs ; mine was about one 
inch in breadth, and eight feet in length, which I bent like an 
hoop for an hogfhead, and foldered the ends together; and 
turned it of equal thieknefs, upon a block of fmooth-grained 
wood, upon my great lathe in the air (that is, upon the end of 
the mandrel) : one fide of the hoop muft be rather wider than 
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the other, that it may fit the better to the block, which will be 
a fhort piece of a cone of a larg§ diameter : when the hoop was 
turned, I took it off, cut, and opened it ftraight again. 

The next ftep was to have a piece of fteel 
bended into the form as per margin * ; which had 
two fmall holes bored in it, of equal bignefs, one 
to receive a fmall pin, and the other a drill of 
equal fize. I ground the holes after they were 
hardened, to make them round and fmooth. The 
chaps formed by this fteel plate were as near to- 
gether as juft to let the long plate through. Be- 
ing open at one end, the Chaps fo formed would 
fpring a little, and would prefs the long plate 
clofe, by fetting in the vife, Then I put the long 
plate to a right angle to the length of the fteel chaps, and bored 
one hole through the long plate, into which I put the fmall 
pin; then bored through the other hole; and by moving the 
fteel chaps a hole forward, and putting in the pin in the laft 
hole, I proceeded till I had divided the whole length of the 
plate. 

The next thing was to make this into a circle again. After the 
plate was cut off at the end of the intended number, I then 
proceeded to join the ends, which I did thu s: I bored two nar- 
row fhort brafs plates + as I did the long one, and put one on 
the infide, and the other on the outfide of the hoop, whofe ends 
were brought together ; and put two or three turned fcrew 
pins, with flat heads and nuts to them, into each end, which 
held them together till I rivetted two little plates, one on each 
fide of the narrow plate, on the outfide of the hoop. Then I 
took out the fcrews, and turned my block down, till the hoop 



* The figure is confiderably lefs than the real tool fhould be. 
f Thefe I fliall hereafter diftinguifh by the name of faddle-flates. 
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Would fit clofe on ; and by that means my right line was made 
into an equal divided circle of what number I pleafed. 

The engine plate was fixed on the face of the block, with a 
fteel hole fixed before it, to bore through ; and I had a point that 
would fall into the holes of the divided hoop ; fo by cutting 
fhorter, and turning the block lefs, I got all the numbers on 
my plate. 

I need not tell you, that you get as many prime numbers as 
you pleafe j nor that the diftance of the holes in the fteej. chaps 
mull be proportioned to the length of the hoop. 

You may afk my brother what he knows about my method 
of dividing ; but need not tell him what I have faid' about it ; 
for I think neither he nor John Smith know fo much as I have 
told you, though I believe they got fome knowledge of it in ge- 
neral terms*. 1 defire you to keep the method of dividing 

to yourfelf, and conclude with my beft wilh.es, 

and am, dear Sir, yours, &c. 

Hen. Hindley. 

Though the above letter was in itfelf very clear and explicit, 
as to the general traces of the method, yet fome doubts occurring 
to me, a further explanation became necefTary. A copy of my 
letter not being preferved, the purport of it may be inferred from 
the anfwer, which was as follows : 

* The perfons here referred to were both bred with him. His brother, Mr. 
Roger. Hindley, who has many years followed the ingenious profeffion of a watch- 
cap-maker in London, was fo much younger as to be an apprentice to him. Mr. 
John Smith, now dead, had fome years pari the honour to work in the inflrument 
way, under the direction of the late Dr. Demainbray, for his prefent Majesty. 

E 2 DEAR 
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DEAR friend, York, 13 March, 1748-0. 

I ^THINK. in your laft you feem to be apprehenfive of fon&e 
difficulties in drilling the hoop for dividing ; Firft, that the 
center of the hole in the hoop might not be precifely in the Center 
of the hole of the fteel chaps, it was drilled in ; but if I deferibed 
fully to you the method I ufed, I can fee no danger of error 
there : for my chaps were very thick, and the two correfpond- 
ing holes were a little conical, and ground with a fteel pin % 
firft one pair, and then the other, alternately, till the pin would 
go the fame depth into each. Then for drilling the hoop, I 
took any common drill that would pafs through, and bore the 
liole. After that I took a five-fided broach, which opened the 
hole in the brafs betwixt the fteel chaps, but would not touch 
the fteel ; fo confequently the center of the holes in the brafs 
muft be concentric with the holes in the chaps : and for altera- 
tions by air, heat, cold, &c. I was not-above two or three hours 
in drilling a row of holes, as far as I remember. 

2dly, For drilling, in a right line, I had a thin brafs plate, 
faftened between the fteel chaps, for the edge of the hoop to 
bear againft, whilft I thruft it forward from hole to hole. 
What you propofe of an iron frame with a lead outfide, will be 
better than my wooden block j but confidering the little time 
that paft, betwixt transferring the divifions of the hoop to the 
divifions of my dividing plate, I did not fufrer much that way. 
It was when I drilled the holes in my dividing plate that I ufed 
a frame for drilling, which had one pact of it that had a fteel 
hole, that in lying upon the plane of the dividing plate was 
fixed faft in its place for the point of the drill to pafs through t 
then, at the length of the drill, there was another piece of 

3 fteel , 
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fteel, with a hole in it, to receive the other end of the drill to 
keep it at right-angles to the plane of the plate. This piece 
was a fpring, which bended at the end, where it was fattened 
to the frame of the lathe, at about eighteen inches from the end 
of the drill ; fo it pufhed the drill through with any given force 
the drill would bear: and though that end of the drill moved 
in the arch of a circle, it was a very fmall part of it, being no 
more than equal to the thicknefs of the dividing plate. 

My good wifhes conclude me yours, 

Hen. Hindley. 

Whoever attentively confiders the communication contained 
in. the above letters will fee, that more happy expedients could 
not have been devifed to procure a fet of divifions, where there 
mould be the moft exact equality among neighbours ; and 
which, for the purpofes of clock- making, is the principal thing 
to be wifhed for. But herein, as in M. Roemer's method, there 
were no means of checking the diftant divifions, which run on 
to 360 : now fuch a check, when the expanfion of metals is con- 
sidered, and particularly the difference of expanfion between 
brafs and fteel, feems abfolutely neceffary for the purpofe of 
divifions upon inftruments, where the accurate menfuration of 
large angles is required, as much as the equality of neigh- 
bouring divifions *. 

With this view the invention of this ingenious perfon fug- 
gefted to him the thought of making his curved fcrew to lay 

* The ingenious Mr. Stancliffe (fome years a workman of Hindley's) has 
fgggefted; that the difference of expanfion between the fteel chaps and the brafs 
hoop may be avoided by making the chaps of brafs alfo, with hard fteel holes fet 
feparately therein, fomewhat (imilar to the jewelled holes of watches. 

E 3 hold 
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hold of fifteen teeth or degrees together : this, in effect, become? 
a pair of compaffes, 24 removes of which complete the whole 
circle, and produce 24 checks in the circumference : and whoever 
confiders the very exquifite degree -of truth that refults from, 
the grinding of furfaces in contact, as already noticed, muft 
expect a very great degree of rectification of whatever errors, 
might fubfift in the wheel after its firft cutting. 

What degree of truth it might in reality be capable of upon 
its firil production and adjuftment, is not now to be afcertained, 
he never having ufed it for the graduation of any capital inftru- 
ment. Thofe that he made with a view to an accurate meafure 
of angles, he always made with a fcrew and wheel, or parts of 
circles cut by his engine into teeth, and ground together as 
before-mentioned ; but I have reafon to think, that its per- 
formance, if put to a flrict left, was never capable of that 
accuracy that he himfelf fuppofed it to have. 

The method itfelf, however, from its fimplicity, and eafe 
of execution, feems to me to be a foundation for every thing 
that can be expected in truth of graduation ; and in confe- 
quence for reducing inftruments to the leaft fize that is ca- 
pable of bringing out all that can be expected from the largeft ; 
when it mail, like manual divinon, have received thbfe advan- 
tages that the joint labours of the mofl ingenious men can 
beftow upon it. That I may not appear to be without grounds 
for my expectations, I will beg leave to propofe, what near 
forty years occafional contemplation has fuggefted to me on 
the fubject ; and as I can defcribe the procefs I would purfue, 
where different from Hindley's, in fewer words than I could 
make out a regular criticifm upon his letters, I will imme- 
diately proceed to the defcription of it. 

4 Propafei 
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Fropofed Improvements of Hindley's Method, 

I would recommend the number of parts into which the 
circle is to be reduced to be 1440 ; that is 4 times 360 ; which - 
divifions will therefore be quarters of a degree ; the diftanees - 
of the holes in the chaps will therefore, to a three-feet radius,, 
be ^Vw of an inch nearly ; that is, between the one-ftxth and" 
one-feventh of an inch diftance center and center. 

Having provided my felf with a flout mandrel, or arbor, for* 
a chick Lathe t properly framed, that would turn a circle of fix 
feet diameter, I would prepare a chock, or platform, for the - 
end of it, of that diameter, or a little more, compofed of 
dean-grained mahogany plank, all cut out of the fame log;; 
which, when finifhed, to be about i| inch thick, and 
formed in fedtors of circles, fuppofe 16 to make the circle; 
the middle line of eaeh fedlror lying in the dire£rion of the 
grain of the wood, this will confequently every where point 
outward : the method of framing this kind of work is welk 
known. 

The way of getting a flip of brafs to anfwer, the circum- 
ference of this platform is fuggefted in Mr. Bird's Account of 
conftructing Mural. Quadrants, Let a parallelogram of brafs 
of about three feet long, and of a competent fubftance (fup- 
pofe half an inch) to make it when fimimed about one-twen- 
tieth of an inch, in thicknefs, be caft of the finefr. brafs ; and- 
this to be rolled down till it becomes of fufficient length for 
the hoop, and about one-fifth part more. I would then cut 
off, from the whole length, fomewhat better than one-fixtb 
part, the whole being fufficiently reduced to a thicknefs by the 
rollers* Berhaps no way will be more ready and convenient to> 
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get fuchalong ftrip of brafs reduced to an equal breadth, than 
the method prefcribed by Hindley ; viz. by turning it upon 
the chock prepared ; but I would not make it wider on one 
fide than the other, like the hoop of a calk, as he defcribes, 
but exactly to fit the chock, when truly cylindric; for the 
internal elafticity of the brafs, in fo great a length, will be 
very fufficient for fitting it on tight enough, without any taper- 
ing. This I will now fuppofe done ; and a pair of fteel chaps-, 
as defcribed by Hindley, to be alfo prepared, and ready for 
grinding; which, by fuch a careful admeasurement as can 
eafily be made, will give the length of the hoop fufficiently 
near, on its firft preparation. 



Method of forming a Fair of Straps as a check to the Dhijiom. 

The part firftcutoff muft be again cut into two equal parts 
in length; which, for diftinftion Cake, IwilLcall the ftraps % 
and which are to ferve as checks to every 6oth and every 
120th divifion of the circle. , : 

A fteel plate, of about half an inch in breadth, the fame 
thicknefs as the ftraps, and in length equal to the breadth of 
the hoop plate, muft be foldered with filver folder to one 
end of each of the ftraps, by which means their length 
will be increafed half an inch by.the fteel. An hole muft then be 
made through each fteel plate, of the fame fize as thofe through 
the chaps, and anfwerable to the middle of •the ftraps; but fo 
near the border of the fteel, that when the chaps are put on, 
and adapted to the fteel hole, the ,next hole will fall through 
the brafs. The fteel plates muft then be hardened ; and a pin 
being put through the two holes and the two plates, thefe muft 

be 
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be wrought to a right line in contiguity to each other; by this 
means the ftraight edge of each of the ftraps will be reduced 
to the fame diftance from the fteel hole : the hard fteel edges 
may be rectified by the gr'mdftone, if neceffary. 

This being done,, not only the holes in the chaps, but the 
holes in the two fteel plates, applied to each other, like the 
two fides of the chaps, muft be refpe&ively ground together ; 
not with a taper pin, as prefcribed by Hindley ; but fo as not 
only to be cylindrical, but that the fame cylindrical pin fhall 
equally fit them all, and leave them fmooth and polifhed ; 
which is a procefs no ways difficult to a curious artift, and of 
which therefore a minute defcription is unneceflary. 

The chaps being then put upon one of the ftraps, with its 
ftraight edge uppermoft, and a pin put through the holes on 
the left-hand, and through the fteel hole in the ftrap under 
operation, the chaps muft be fet upright, fo that the line join- 
ing ihe centers of the holes fhall be parallel to the upper edge 
of the ftrap ; the brafs plate, mentioned by Hindley, between 
the chaps, as a guide for directing them always to that upright 
pofition, may be then adjufted and fixed to the infide of the 
chap next the operator *. 

The performance of the enfuing part of this work mould be 
at a feafon when the temper of the air is not very variable ; 
Father above the^mean temper (fuppofe at 6o°) than below it; 

* ,It would be well, previous to the drilling of the fteel chaps, that another 
hale was drilled in the chaps, that fhonld be fomewhat above the upper edge of 
the ftraps, and in the middle betwixt fide and fide, to receive a fiead} pin therein, 
antecedent to drilling the main holes; for then a tempered fteel pin, a little taper, 
will, « by driving it in as far as neceffary, conftantly anfwer this purpofe from firft 
tojaft, fo as to regulate the holes in grinding, to be truly oppofite : proper holes 
fliould alfo hedrilled for fixing the brafs guide plate to one of the chaps. 

Vol. LXXVI. F but 
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but above all things the artift fhould be himfelf cool j that 
is, not in a ffate of fenfible perforation ; and there fhould be a 
free circulation of air in the room. Things being thus condi~ 
tioned in refpeft to temperature,, he may begin to drill 
the holes in one of the ftraps; the pin being firft put 
through the chaps and through the fleel hole of the ftrap ; and 
the next hole, being drilled through the brafs with a common 
drill, that and every hole as it goes is to be finifhed with a taper 
broach, as prefcribed by Hindley ; and he may then prove or 
Snifh every hole by the application; of a thorough broach,, 
made fo full as to require a degree of preffure to force it 
through ; and fchrs broach being a little tempered, and the 
holes quite hard, there will be no fear, of injuring the fleet 
holes *r 

Calling the hole in the fteel plates o, and obferving the 
time of beginning, you may proceed to drill 60 holes as pre- 
fcribed by Hindley ; and noting how long you have been, 
about it, you may lay the work afide a length of time, equals 
to the time you took in drilling; that arty addition of warmth 
it may have acquired in handling Of working may be again 
loft in a great degree -fr. After this paufeyoumay begin again* 
and go on tofinifh 60 holes more ;-: that is, to the length of, 

* The fteel holes in the chaps need not to be above one-twentieth of an^inch in \ 
diameter; and though it may be proper to make the fteel plate, of which they 
are formed, one tenth of an inch thick, in order to give the ipring formed 
between them a convenient degree of ftiffnefs, yet they may be reduced (by cham- 
fering the outfides) to half that thjcknefs, 

■\ As there is not much occaiion for the artift to touch his work, the efFecls 
©f that may alfo be very much -avoided by wearing thick gloves ; and the friclion 
being but flight, and the work almoft continually in the vife, the variation of 
temperature in 'the metals eoace'rned cannot be fesfible or confiderabiei 

6 i-2®.. 
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120 holes from the beginning; you then proceed in the fame 
manner with the other ftrap. 

Method of drilling the Hoop. 

You are now prepared to commence the work upon the 
long or hoop-plate -, and you proceed therewith, in forming the 
firft hole with the chaps, as before directed by Hindley, and 
this firft hole you call o. You then place the ftraps one on 
each fide the hoop, with their gaged edges upward, and put 
the pin through the holes denominated 60 upon the ftraps, 
and through the firft hole already made, "and denominated o 
upon the hoop ; then, bringing the gaged edges of the fteel 
plates to be even with the upper or working fide of the hoop, 
you pinch them together in the vife, and drill and broach the 
hole through the fteel plates, which will make the hole, num- 
ber 60, upon the hoop. This done, you put the pin through 
the left-hand hole of the chaps, and the hole marked o upon 
the hoop-plate firft made, and proceed to drill with the chaps 
to 59 holes inclufive, which will fill up the whole fpace from 
to the 60th divifion before obtained. 

You now again have recourfe to the ftraps, and placing them 
one on each fide the hoop -plate, you put the pin through the 
1 20th hole of the ftraps, and through the hole marked o 
upon the hoop -plate ; and regulating the fteel plates to the 
hoop-plate as before, you drill and form a hole with the fteel 
plates, which will correfpond with the 120th hole upon the 
hoop-plate; and afterwards filling up the 59 holes wanting, 
by means of the chaps, you then have all completed to the 
1 20th divifion, which is one-twelfth of the whole circle. 

F 2 You 
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You- then proceed, in like manner, with another fet of I2t* 
holes; that is, placing the 60th hole of theftraps to the 120th* 
liole of the hoop- plate, and from it producing the 180th hole .. 
you, in Kke manner as before, fill up this 60 with the chaps ;; 
and afterwards placing the 1:0th hole on the {traps in the 
1520th hole on the hoop- plate,, you will obtain the 240th hohe ; 
fo that filling up this laft fefeof 60 divifions, you have ob- : 
tained 241 holes, including 24.cS fpaces or divifions of the. 
hoop ; and repeating this procefs ten times more, you will, in. 
like manner, obtain 1441 holes, comprehending, 1 440 fpaces*.. 
And this procefs being carried on in temperate weather, the; 
manner of working produces twelve fimilar operations* wherein, 
the materials and tools concerned will not only be fubject to, 
v.ery little change of. temperature, but that change, what- 
ever it is, will be nearly fimilar in each fet of 120 holes i. 
we may therefore infer, that the greateft inequality, or, 
indeed any. that, can be fenfible, muft be. at every 6o . divifions,. 
that is,, between the 5,9th and 6oth, and between, the 1 loth, 
and i 20th, both whicbuwill be equally repeated 1 2 times, in the. 
whole length which is to compofe the circumference of a Circle^ 
and which will thus be checked, thereby 1,2 times in the cir- 
cumference, and 12 times more at the intermediate difhnces ;, 
that is, with 1.2 mailer checks,, and 1.2 fubordinate ones, in, 
the whole round.. 

It is proper here to obferve, that hi. M, Roemer's method, 
even lixty divifions could fcarcely be trufted in an affair, of great 
accuracy, on, account of the ebje&ions already made,, arifing^ 
from the points having fuch flight hold in. the furface of the 
brafs ;. but here the parts are held fo exceedingly firm, and .the.- 

* It will be proper, for reafons hereafter to be mentioned, to coatinue. the 
divifions to 20 boles n.cre, making in the whole 1461. holes, 

j operation 
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operation carried on with £o much power, that any fmall ine- 
quality in the hardnefs of the brafs, or if regularity of furface^ 
cannot be fuppofed to affect the place of the center of the hole j 
nor will any fmall inequality that may be fufpected from the: 
wear of the fteel holes fenfibly affect the center of the hole* to 
which every thing is ultimately referred.. 

Method o/"joinihg the Hoop. 

A more happy thought than that of Hindley's, for joining; 
the two ends of the hoop, could fcarcely have been wifhed for,, 
in regard to preferving the fame equality of the fpace betweem 
the holes contiguous to the joint, as in the other parts : for 
though,, geometrically fpeaking,the two faddle plates, in which* 
the little cylindrical bolts are fixed, for bringing the terminating. 
holes of the hoop plate to their due diftance, being one applied, 
within thekoop, and the other without, will belong to circles 
of different radii', yet this difference being exceedingly fmall irt 
fueh thin metal, and fb great a. radius,, and one being: as much 
too big for the hoop as the other is too little, when the bolts 
are put in, and the hoop in that part fet nearly to a circle by a 
mould; the mean, between them afTumed by the hoop, from 
the elaftic compreflibility of the materials,, will be the truth. 

It muff, however, be remarked, that in the ufe of the ftraps^, 
the joiningof the hoop mould not be made at any part betwixt 
an 1 19th and an 120th divifion, as fome inequality mull: be 
fuppofed. there, unlefs the faddk plates were adapted thereto^ 
The method the moft eafily practifed,. will be to continue the, 
divifion upon the hoop, about twenty more than the completion, 
of the number intended to form the circle, and to cutoff all the 
overplus, ones at. the beginning. 

The 
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The {addle plates I would recommend to contain ten holea 
each ; fo that if the divifions are carried on to twenty more 
than what will be contained in the circle, there will be a piece 
containing twenty to cut off; and this again being cut in the 
middle will afford ten holes to make each faddle plate; fo that 
there will be a place for a bolt on.each fide the joint, and then 
putting a bolt through every other hole, there will be thre® 
bolts at an end. 

The pieces deftined for the faddle plates, thus obtained, being 
broader than can be admitted when put to this ufe, I would advife 
to divide the breadth of the plate into three equal parts; and 
with a cutting hook (which perhaps will be attended with the 
leaft violence in the feparation) to feparate the two outride pieces 
from the middle piece : by this means the two faddle plates 
(though double) will occupy one third only of the breadth of the 
hoop in the middle ; and two of the pieces cut off being applied, 
one on each fide of the faddle plate on the outfide, will anfwer 
in Hke manner for the rivet plates. 

The laft operation to compleat thejoining of the hoop is the 
putting on the rivet plates : to compleat this,. I would advife a 
piece of brafs, of three or four inches in length, to be filed fo as 
to anfwer to the infide of the hoop, when reduced to a true cir- 
cular form ; and being three-eighths, or one-half an inch in 
thicknefs, to file the oppofite fide fomewhat nearly concentric 
thereto ; apply the middle of its convex arch to the infide of the 
hoop at the joint, and then bringing on the middle of one of 
the rivet plates to the joint of the hoop, confine the three to- 
gether by a couple of narrow-chapped hand vifes, leaving a 
fpace between them capable of receiving a couple of pins as ri- 
vets on each fide the joint; the holes for the rivets are then to 
be drilled through all, and a little fmoothed with a broach at 

their 
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their entry, into which fmooth taper pins are to be driven ; not: 
with violence, but moderately, that no fenfible ftretching of 
the folid parts may take place thereby ; then cutting off and 
fmoothing the heads, fhift the vifes fo as to receive another 
couple of holes, and a third couple in the fame end of the hoop ; 
and proceed progreffively in the fame manner, from the middle 
to the other end of the rivet plate ; then gently feparate the in- 
ternal brafs mould with a thin knife, or fuch like inftrument ;:. 
and cutting off, and very lightly rivetting the inner ends, pro- 
ceed to fix the other rivet plate, in the fame manner, on the 
other fide : by this means the hoop will be firmly joined in the 
very poution given it by the faddle plates and mould. Thefe 
plates may then be removed, the infide of the hoop cleared and 
fmoothed, if necefiary ; and the outfide will have the middle 
part clear where the divifions lie, and that without fenfible lofs 
or gain in the juncture,. 

Method of tzmsfexx'mg the Divifions ofthe.Hoopto a dividing Plate* 

The hoop being thus refitted; for the chock, that mould be 
turned down to leave a fhoulder on one fide, that the hoop, now 
reduced to an equal breadth, may be forced againft: it ; and the 
divifions, being equally diftant from one of its edges, will be 
all found in a circle, as if turned upon it. It.fhould be very 
carefully fitted to the chock, that it may go on with a fufBcient 
degree of tightnefs, and without the neceffity of much forcing; 
and it will be no inconvenience now, if it goes on upon a very 
flight degree of taper of the chock, as the internal fpring of the 
materials will eafily accommodate it to this fhape without any 
injury to its general truth : a flight degree of a groove mould 
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be turned iii the place where the divifions will come, that any 
conical pin, that is to ferve as an index, let drop into the divie 
fions or holes, may not, by reaching through this thin plate, 
abut upon the wood, rather than upon the tides of the holes: 
and thus this hotfp is made into awheel of 1440 equal divi- 
iibns, moveable round upon its own axis, whereon it was 
formed, 

Againft the time that this is compleated, there muft be pre- 
pared a flat circular plate or wheel of brafs, the rim of which 
ihould be of about 3! inches breadth, and about two-tenths of 
an inch in tliicknefs when finished, to make a dividing plate ; 
the external diameter of this is to be fuch, that when laid flat 
upon the furface of the mahogany platform, its extreme edge 
will exceed the diameter of the hoop by about half an inch all 
round. There muft alfo be prepared brafs arms (fuppofe eight in. 
number) of an equal fubftance with the outer rim, and all con- 
nected with a circular plate in the middle; and, the whole of 
this work being framed beforehand, is to be let on flat upon the 
mahogany platform-; whofe face is fuppofed to be turned truly 
flat, and fufficiently affixed with fcrews : in this fituation, the 
outward edge is to be turned, and the outward face of the rim 
turned flat. The center pfate, which may be about twelve inches 
diameter, is alfo to be turned as flat as poflible, and a center 
hole, of about half an inch diameter, to be very carefully turned 
therein. 

A piece of clean, ftraight-gralned, well feafoned mahogany, of 
about two feet long, three inches thick, and five or fix inches 
broad, is then to be well affixed to fbme part of the general frame 
of thelathe, which muft now have its pofition altered, fo that the 
platform will become horizontal; and therefore the frame ftiould 

he 
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be originally made with this view *. The piece of mahogany- 
is to be aflaxed fo that one of its larger faces mall be in a pa- 
rallel plane to the face of the platform, and fo low as to clear 
the under fide of the platform in its rotation ; and fo far diftant 
from the center, that an index may be fixed upon this upper 
face of the piece of wood, fo as conveniently to drop into the 
holes of the hoop ; while the common cutter frame of a clock- 
maker's engine mail be firmly attached upon the fame face of 
the wood, and fo fixed as to cut the edge of the dividing plate 
into teeth, anfwerable to the feveral divifions of the hoop. The 
teeth need only to be cut with a common cutter, making a pa- 
rallel notch : and here it will be proper to obferve, that not 
only both the index and cutter are to be founded on the fame 
piece or bafe of wood ; but that the nearer they are together, the 
more free they will be from the effects of all variations of ex- 
panfions by variations of temperature f. 

The equalling the Teeth of the dividing Plate by grinding. 

The object of transferring the divifions of the hoop to the 
teeth of the dividing plate, is frill farther to equalife the teeth 
by grinding ; efpecially thofe that, falling within the compafs of 

* After changing the polition of the lathe, the collar of its mandrel fhould be 
removed, and the neck made to move within three planes, fo as to preferve an 
exact, center, in the manner of an equal altitude inftr'ument. 

•f- It is proper to obferve, that as it may be impracticable to get the rim of the 
dividing plate caft of the proper fize, in one entire piece, it will be very practi- 
cable, if caft of a lefs fize (fuppofe half), but of a fufficient thicknefs, to roll it 
down ; and by having the outward edge originally thicker than the inner, in the 
proportion of the radii, it may be fo managed by the rollers as to be of an equal 
thicknefs when brought to its proper fize. But the arms and center plate fhould 
be of the fame metal, rolled in the fame degree. 

Vol. LXXVI. G each 
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each fet of 120 divifions, may be fuppofed, if any, to be mended 
thereby ; but as it may be incommodious to conftrucT: a curved 
fcrew, of fuch a length and fize, in Hindley's method, as 
would be fufficient for thepurpofe, I would propofeto ufe two 
fcrews ofbrafs, cut from a cylinder in the way fet forth by 
Mr. Ramsden, each of which, with a very little grinding upon 
this large circumference, would lay hold often or twelve teeth 
together. I would place the two fcrews, that is, their middles, 
to be ninety divifions afunder ; of confequence, when one of 
'the fcrews is between the 59th and the 60th, or between the 
119th and 1 20th divifion of each fet, the other will be in the 
middle of the fpace divided by the chaps only *. 

The threads of thefe fcrews I would advife to be cut a little 
taper, fo that as they grind in, they may fill the notches of the 
teeth; which alfo, by this means, will acquire a little tapering 
towards their extremities ; and by cutting the notches parallel, 
as I have mentioned, the true ground part will always be certain 
of being at the extremity. 

When the fcrews have been ufed in grinding till they are 
found to have the effect of a perfectly equal and eafy rotation all 
round, and all the teeth reduced to a fenfible taper, and regular 
bearing, I would then totally remove the fcrews from the fquare 
block of wood, upon whofe upper face I fuppofe them to have 
been mounted; in like manner as I fuppofe the index and cutting 
frame to have been removed, to make room for the mounting of 

* The beft way of giving an equal motion to thofe two fcrews, feems to be by a 
detached axis, carrying two common flat wheels j one acting upon a like flat 
wheel, upon the axis of one fcrew, and the other, in the fame manner, upon 
the other ; and applying the pulley for communicating the power to the middle of 
the detached axis between the two wheels, the fpring or twirl will be equal both 
ways j fo that in turning the contrary way round, they will ftill be in equal 
advance. 
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the fcrews. I now confider the teeth of the dividing plate, fo 
Formed, as having all the equality that the prefeht known date 
of human art has pointed out ; and the whole convertible upon 
the axis or mandrel upon which it has been originally formed, 
and the central hole of the plate concentric therewith : I there- 
fore coniider the ground faces of the teeth of the plate as the 
actual divifions. It now remains to mew how they are to be 
transferred, to form the divifions of an inftrument. 

Preparation of the dividing Plate for graduating Inftruments. 

If a fmall cylinder of hard fteel is duly polifhed, and made of 
a fize fo as juft to chock in betwixt the extremities of the teeth, 
then the center of that cylinder will be a fixed point, in refpecT: 
to the circumference of the wheel : if another cylinder is applied 
in like manner, at the diftance of a number of divifions (fup- 
pofe it a prime number, fo as to crofs all former divifions, viz. 
17 or 19), then the middle of the line joining the centers of 
the two cylinders will remain in the direction of the fame radius, 
though one of them mould force in a minute quantity further 
than the other ; and if a point is aflumed in the direction of a 
tangent to a circle at this middle-point, then though both the 
cylinders mould drop in a minute quantity further at onetime 
than another, yet the middle-point would remain at the fame 
diftance from the point in the tangent; provided that point was 
removed to a competent diftance, that is, to five or fix inches. 
On this principle I would conftrucl: an index, the two cylinders 
being fixed in a frame, convertible about the middle-point, and 
to be centered in the end of the lever, reprefenting the tangent ; 
then this lever being again convertible about the point in the 
tangent line, the middle-point would always have a fixed diftance 
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from the point in the tangent, and there hold it fteadily faft ; 
the tangent point being placed upon the fixed block before- 
mentioned. 

Ufe of the dividing Plate in the Graduation of Infirumentu 

Our dividing plate is now ready for the reception of am 
Inftrument; fuppofe it a quadrant, whofe radius, however, 
mull: not exceed the radius of the dividing plate : It is to be 
laid upon the face of the dividing plate, and a weight, or 
weights, equivalent to that of the quadrant, is placed on the 
oppofite fide, to balance it. It muft alfo be fuppofed, that the 
quadrant is made with a view to be divided by this engine ; and 
eonfequently, that the central cylinder is fo well adapted, and 
nicely fitted to the center hole of the quadrant, that the center 
cylinder can be removed, in order for the limb to be divided, and 
again replaced, without fenfibly altering its center. This being 
the cafe, let a piece of metal be turned, to apply to the quadrant, 
perfectly like its center cylinder at the upper end, and turned 
nicely to fit the central hole in the dividing plate,, at the lower 
end ; then, the quadrant being fixed with proper faftening 
fcrews, I would cut the divifions with a beam compafs ; and, if 
a fixed point is affumed, viz, the center of the tangent point 
for the index ; then the beam compafs being always opened to 
the computed length of the tangent of the circle of divifions, it 
will be fufhciently near for cutting the divifions, fquare to the 
circular arches between which they are placed. 

It will alfo be proper (to prevent unequal expanfions) that the 
beam of the compafs fhould be formed of a piece of clean- 
grained white fir ; and that the length between the points be 
inclofed in a tube of tin or brafs ; without touching the beam, 

except 
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except at the terminations, which will in a great measure protect 
it from both alteration of moifture, and of heat from the body 
of the artift, during the operation. 

It will be likewife proper to have a lever, or fbme equivalent 
contrivance, to bring the dividing plate forward ; that after 
lifting the little cylinders out of the divifions, and refting 
them upon the tops of the teeth, they may be brought gently 
forward with an equal drag, and ultimately fnap in between 
the teeth, by the ftrength of the fpring commanding the index £ 
by this means the drag of the friction of the whole will bee 
constantly the fame way.. 

Conclujiom 

Now, if, as it has been fhewn, a quadrant of any radius may 
be read off to the 4ooodth part of an inch, then this quantity? 
upon a radius of three feet will not be fo much as if fecondi 
and as the whole of the procefs is carried on by contact, in 
which a greater error than that of a 6o,ooodth part of an. 
inch cannot be admitted in any fingle operation, I mould 
affuredly expect a three- feet quadrant, fo divided, to be true in 
Its divifions, and read off to at moft. two feconds. 

But, after all, in an inftrument like this, I fhould expect the 
greatefr, fource of error to be in the want of perfect coincidence, 
of the, center of. the divisions with the actual center upon 
which the index revolves ; and therefore, that if, inflead of a 
quadrant of three-feet radius, a complete circle of five feet 
diameter was divided, and its divifions read off from the two 
oppofite points (taking the mean), then the errors of the 
center will he wholly avoided. For. this reafon, I am very 
clearly of opinion, that the fagacious proposition of Mr. Rams- 

DEK 3 ,, 



40 'Mr. SmeaYoH's Obferiiaiions 6n the 

den, to life circles inftead of quadrants, or other portions of 
circles, will bid much the faireft for perfection in actual prac- 
tice; and that his ingenious method of making them both ftiff 
and light, by the ufe of hollow conical tubes by way of fpokes, 
in the manner of a common wheel, will enable him to mount 
them of five feet diameter, upon hollow axes, in the nature of 
a tranjit. By this means we mall have all the good properties 
©f both the quadrant and tranfit united in one inftrument ; and 
obfervations both of right afeenfion and declination, through the 
very fame telefcope, as long fince attempted by M. Roemek ; 
and to a degree of perfection and certainty, in point of decli- 
nation, hitherto unattainable by the largeft inftruments that 
have yet been made. 

N. Bi In matters of very nice determination, fmall circum- 
ftances often come to be of confeqiience ; and it is in this vie\V 
that I mention what follows. It was a practice of Hindley's 
of many years {landing, and fince followed by myfelf and 
others, wherever he made ariy ufe of the vernier, to lay the 
vernier plate in the fame plane, or cylindrical furface conti- 
nued, whereon the principal divifions are cut. It is of equal 
utility, though the vernier be rejected, to lay the index flroke 
in the plane of the divifions. In this way the divisions being 
by convenience upon the external border of the limb *, two 
fets of divifions are thereby rendered incommodious ; but thofe 

* It has been obje&ed, that laying the divifions upon the extreme edge of the 
limb of the inftrument fubje&s it to injury : but, to obviate this, in an Hadley's 
quadrant made for me, by my dire&ion, by the late Mr. Morgan, in the year 
1756, wherein the vernier is laid even with the divifions, thofe are protected by a 
projection of the folid part of the limb, beyond the divifions; a Rabbit being funk ' 
ia> the edge of the limb, to clear the vernier. 

that 
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that wifli two fets, as a check, will in a great meafure aid 
themfelves, by reading from two different parts of the fame fet 
of divifions; which is very eafily provided for, by putting an 
additional ftroke upon the index plate, at the diftance of 9, 1 1, 
or any prime number of divifions to 19, 23, or more; and 
reading off from that ftroke alfo ; as before recommended for 
great quadrants, where the vernier ispropofed to be rejected * : 
fo that they will thereby be mutually checked by divifions that 
had no correfpondence in their original formation. 

* I would not have it thought, from my propofal of rejecting the vernier* 
that I have any quarrel with it; I think it a very fimple and ingenious contri- 
vance, where it is properly applicable} that is, where the ftrokes of the vernier, 
or their eftimated halves, are fufficient for all the precifion required or expected 
from the inftrument, as in Hadley's quadrants, theodolites, &c, : but where 
Hill more minute divifions are required than can eafily be had by eflimation front: 
the vernier; to do this by afcrew, as a fupplement to the vernier, appears to me 
In the light of bringing a more accurate tool to fupply the deficiencies of one lef* 
accurate; when the former might,, with more propriety, fupply the place &f th* 
latter altogether. 




